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Abstract 
The theoretical studies on acoustoelectrical (AE) sensitivity in SAW gas sensors are presented. The analysis was based on 
normalized parameter [=Vs/v0Cs (where: Vs – is the film’s electrical surface conductivity, v0 – SAW velocity, Cs – sum of the 
substrate’s and environment’s electrical permittivities) which determines the value of AE sensitivity. The electrical surface 
conductivities in the bi-layer structure are correlated by the Vs1= xVs2 dependence. The investigations revealed that for single and 
bi-layer sensor structures the maximum value of AE sensitivity is obtained for [max= ~0.6. For bi-layer structures this sensitivity 
is lower. However we also found the positions of the maximum values in a function of x parameter dependent on different values 
of normalized conductivity of the second film. 
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1. Introduction 
The acoustoelectrical (AE) sensitivity in SAW gas sensors is related to changes of the surface electrical 
conductivity of thin film sensor structures [1,2]. This sensitivity can be defined as: 
 
 
 
 (1) 
 
In case of single sensor structures the absolute value of AE sensitivity can 
be expressed as:  
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Nomenclature 
K2 electromechanical coefficient of the piezoelectric substrate 
v0 surface acoustic wave velocity 
Cs sum of the substrate’s and environment’s electrical permittivities 
[             =Vs/v0Cs normalized electrical surface conductivity of the sensor film 
Vs is the film’s electrical surface conductivity 
 
Fig.1 presents dependence (2) for the three different piezoelectric substrates: LiNbO3 Y-Z, quartz S-T and langasite. 
For the calculations, data embedded in Table 1 have been applied. As it can be observed in Fig.1 for small values of 
parameter [ the AE sensitivity is increasing reaching its maximum for [max= ~0.6. Then it is decreasing towards zero 
for [ ~ 10.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Dependence of the AE sensitivity vs[=Vs/v0Cs parameter for the single sensor structure and for three different substrates. 
     Table 1. The parameters used in analysis for the three selected piezoelectric substrates. 
Substrate Rayleigh wave velocity, m/s  K2, % Cs, pF/cm 
 Quartz ST 3158 0.11 0.5 
LiNbO3 YZ 3488 4.8 4.5 
Langasite*) 
La3Ga5SiO14 
2740 0.35 5.0 
  *) [FOMOS-MATERIALS, Russia] 
 
The position of AE maximum is not dependent on the used piezoelectric material but is dependent on the 
electromechanical coefficient of the substrate K2, for LiNbO3 Y-Z substrate the maximum is reaching the value of 
~9682 S-1 (Fig.1). 
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2. Results for bi-layer structures 
In case of bi-layer structures, the AE sensitivity is a function of the surface electrical conductivities of the both 
films [3,4-5]. Hence, the following expression can be obtained: 
 
 
where                                                           (3) 
 
 
The plot of function described by eq.(3) for the LiNbO3 Y-Z substrate is shown in Fig.2a. Presented data 
corresponds to first layer thickness h1 = 250 nm and k0 = 7,85x104 m-1 (for wavelenght O = 80 Pm). This graph is a 
function of normalized conductivity of the first layer [1 and the two constrain conductivities of the second layer with 
x = 0.001 and 1000. The AE sensitivity SAE(1) is not dependent on x=Vs2/Vs1 parameter in a wide range of its values 
(0.001 to 1000), with the exception for x=0 (single sensor structure). 
a)                                                                                               b) 
 
Fig. 2. (a) Acoustoelectric sensitivity of the bilayer structures as a function of the [1 parameter of the first layer, for two extremly different values 
of Vs2 with respect to Vs1; (b) Acoustoelectric sensitivity of the bilayer structure as a function of the [1 parameter for three different thicknesses of 
the first layer. 
One can conclude from Fig.2 that the possible changes of first layer conductivity (as a consequence of structure-
gas interaction) have no impact on AE sensitivity of bilayer structures. The x=0 case is a configuration, in which 
second film is an ideal dielectric (Vs2=0) and simultaneously is shifted infinitesimally far away from piezoelectric 
substrate. It refers to single sensor structure. The maximum value of AE sensitivity hardly depends on the first film 
thickness which can be seen in Fig.2b.  
The sensitivity SAE(1) is also a function of the second layer conductivity. Dependently on x parameter, which is 
describing interdependence Vs1=xVs2, one can obtain similar curves for AE sensitivity, however mutually shifted. 
For lower value of x parameter, the sensitivity curve is more shifted in direction of greater values of [2, i.e. towards 
bigger conductivities of the second layer. The values x < 1 illustrate sensor structures in which the first layer has a 
lower conductivity than the second one. It corresponds to configurations like semiconductor – metal or dielectric – 
metal structures. The case Vs1 = 0 describes the influence of an ideal dielectric layer in a region of first layer. The 
AE sensitivity is then zero. For x = 1, so in situation of equal conductivities of the layers, the maximum AE 
sensitivity occurs for this same value [2 = ~0,6 as for a single structure. The analysis of the SAE(1) sensitivity 
expressed by equation (3), for the previously chosen thickness value but in function of normalized second layer’s 
conductivity is shown in Fig.3a.  
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a)                                                                                                                          b) 
 
Fig. 3. (a) Acoustoelectric sensitivity of the bilayer structure as a function of the [2 parameter for five different values of x=Vs1/Vs2 of the second 
layer; (b) maximum position of the SAE(1) sensitivity as a function of the structural parameter x=Vs1/Vs2 of the bilayer structure. 
The utilization of maximum AE sensitivity of the bilayer sensor structures requires a fitting of “work point” to 
the design parameter x, which is defined in fabrication processes. On the base of example from Fig.3a, the position 
of maximum AE sensitivity has been readout as a function of x=Vs1/Vs2 parameter, which is shown in Fig.3b. For the 
lower values of x, i.e. for lower surface conductivities of the first layer with respect to second one, the achievement 
of maximum AE sensitivity demands greater values of [2. Hence requires bigger conductivities of the second layer 
in comparison to the first one.  
3. Conclusions  
In presented work we show the absolute value of AE sensitivity changes. The AE is increasing for low values of 
[ parameter, reaching maximum for [max= ~0.6, then fast decreasing to zero for [ =~ 10. The position of this 
maximum is not dependent on applied piezoelectric material but the maximum value depends on electromechanical 
coefficient K2 of the substrate. In case of bilayer sensor structures the AE sensitivity is a function of electrical 
conductivities of the first and second layer. This sensitivity is lower in comparison to single structures, however the 
maximum values’ positions in function of parameter x (Vs1=xVs2) occur for various values of normalized 
conductivity of the second layer. 
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